coal, chloride coming from the flue gas and makeup fresh water is accumulated in circulating absorbent. Whenstainless steels are employed as construction materials, pitting corrosion due to Cl~cannot be disregarded.
The Cl~concentration is usually controlled below a certain value to avoid pitting corrosion by discharging part of the absorbent (i.e., plant fluids) from the system. Inhibiting effects of NO3~, which also comes from flue gas, co-existing with Cl~in the absorbent were systematically investigated. As a result, operating instructions for actual plants are successfully established to protect stainless steel from pitting corrosion.
Intro duction
In flue gas desulfurization plants where sulfur dioxide in flue gas is removedby an absorbent, chloride coming from the fuel is absorbed by the absorbent, and makeupfresh water simultaneously carries chloride into the absorbent. The chloride is accumulated in the circulating absorbent. When stainless steels are employed as construction materials, their corrosion by localized attack, called pitting corrosion, due to highly concentrated Cl~cannot be disregarded. Indeed, pitting corrosion occurred at one of the early commercial plants. To find the sources of such pitting corrosion and to avoid it, investigations were performed under conditions simulated to resemble those of actual plants.
Figures 1 and 2 show the two processes of FGD plants. Figure 14) is a process flow diagram of the dilute sulfuric acid-gypsum FGDprocess (hereinafter called Process A). Part of the sulfur dioxide dissolved in the absorbent is converted to sulfuric acid by the oxidizing catalyst and the injected air. Sulfuric acid is recycled in the absorption and oxidation section. The excess is sent to the crystallization section where it is neutralized by the limestone slurry to form gypsum as a byproduct. Figure 21 ] is a process flow diagram of the jet bub-The flue gas is jet-bubbled into the absorbent in which sulfur dioxide is converted to gypsum by reacting with limestone and injected air. Typical operating conditions of Processes A and B In the case of Process B the absorbent contains little Fe3+, but general corrosion of Type 316L does not occur owing to a relatively high pH. Part of the N(\ in the burned product is accumulated as NO;r in the absorbent. It is well-known that NO;r is effective in inhibiting pitting corrosion of stainless steel2>5). While realizing the value of Uhlig and Gilman's data, it must be recognized that these data cannot be directly applied to the actual plant. The reason is that Uhlig and Gilman's tests were for 4-and 24-hour exposures using small specimens (6.4x2.5x0.3 cm). To determine the applicability of such inhibiting effects to an acidic environment such as those in Processes A and B, a series of corrosion tests for FGDprocesses have been performed since Dec. 1974 . The results are discussed below.
Experimental
Conventional Type 316L stainless steels were used as specimens. Their chemical compositions are
shownin Only the outer surface of the cylindrical Specimen Z wasexposed to the test solution. The ratio of test solution volume to surface area was 14 m//cm2for Specimen X and 8 m//cm2 for Specimen Z. , The temperature was kept at 60°C using the constant-temperature water bath or the mantle heater.
To simulate the operating conditions of actual plants, a loop test using Specimen Y was also conducted, using the apparatus shown in Fig. 6 Figure 7 shows the effect of Cl~and NO^"concentrations on incubation time in regard to Specimen Z. Once pitting corrosion occurred, the color of the test solution changed from yellow to green because the metal ion dissolved into the test solution. Accordingly, the time required to change color was regarded as the incubation time. When the immersion test was continued after that, pungent brown gas was released from the test solution. NO2gas was probably formed by the reduction of NO^"in the solution. The pits were deep, and certain areas of Specimen Z (3 mmin thickness) were perforated in the high Cl~medium in to proceed rapidly after nucleation of the pits. When the Cl" concentration was high, the incubation time was short (within 10 days). At each NO^" concentration, when the Cl~concentration reached lower certain value, the incubation time increased remarkably to 30-50 days. This tendency was observed regardless of NO^concentration. Based on this data, the duration of laboratory and loop tests was set at 30-50 days.
2) Laboratory test The form of corrosion of the specimen was not general corrosion, but pitting corrosion.
The strong oxidizing agent, Fe3+, in Solution A leads to suppression of general corrosion in an acidic medium.Most of the pits were scattered in the end-grain surfaces of Specimen X. The observed pits were of the typical closed type. Most of the passive film on the metal surface remained and the metal within the pits had aggressively dissolved. (1) Figure 9 shows the results of the immersion test using Specimen Z containing the weldment and the ground area. It was clarified that NO^" was very effective in inhibiting pitting corrosion, as was the case for Specimen X. Pits were mainly observed in the ground areas, and the number of pits decreased in the following order: the ground areas, the weld metal, the base metal. was considerably reduced compared with that of the smaller-size Specimen X because Specimen Z had a weldment and ground area. When Specimen Z was immersed in Solution A containing approx. 3 wt% SO;;" without NO^", pitting corrosion occurred even whenSolution A contained 50ppmCl~as shown in Fig. 9 . This may indicate that the influence of SO|~on pitting corrosion is not remarkable.
The test solution was adjusted by chemically pure reagent in the laboratory. However, the absorbents used in actual plants contain a variety of impurities which may affect pitting corrosion. Absorbent was sampled from an actual plant, and NaCl and NaNO3 were added to it. Maximumpit depth and number of pits increased with time up to 150 days, but remained almost constant after 150 days. This is believed to take place due to the fact that the growth rate of pitting corrosion in VOL. 15 NO. 1 Fig. 13 Relation between laboratory data and pilot plant experience for Process B Solution B is low compared with Solution A because pHlevel is higher and the concentration of the oxidizing agent Fe3+, which strongly affects the initiation and propagation of pitting corrosion, is negligible in Solution B.
2) Pilot plant experience The pilot plant treating flue gas at an approximate rate of 3000 Nm3/h contained a jet bubbling reactor made of Type 316L.
After the plant was operated with the addition of Clã nd NCVin the absorbent, it was examined carefully to check whether the jet bubbling reactor suffered from corrosion or not. Figure 13 shows the plots of pilot plant data on the established C1~-NO^"relationship. The pilot plant experience supported the laboratory data.
Therefore, it is verified that the data obtained may be applied to actual plants with high reliability. This was also confirmed in the larger-size plant (90,000
Nm3/h flue gas capacity) constructed for Gulf Power Co. and operated for 10 months in Sneads, Florida, U.S.A.
Conclusion
Whenstainless steels are employed as construction materials for FGDplants, pitting corrosion due to Clĩ n the absorbent cannot be disregarded. Accordingly, systematic investigations of Type 316L, which resisted general corrosion, have been performed in order to avoid pitting corrosion.
As ar esult, it was clarified that NO^co-existing with Cl~in the absorbent was very effective in inhibiting pitting corrosion. Based on the data obtained, a safety region determined by the Cl" and NO;r con- 
